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List of Figures S1 Unit cell volume of GeO 2 -AST phases vs the Connolly volume of their occluded cations . . . . . 3 S2 Powder XRD of the GeAl20-y series (from bottom to top, y=1, 4, 9, 15, 30) . The bottom and top ticks mark allowed reflections in space group I4m for GeO 2 -AST and GeAl9-30, respectively 4 S3
1 H NMR in solution of as-made AST samples dissolved in NaOD/D 2 O. From bottom to top: GeO 2 -AST and GeAl9-1, GeAl9-9, GeAl9-16 and GeAl9-30. Signals marked with * around 1 and 3 ppm correspond to tetraethylammonium added as an internal standard for quantification . . The lower ticks mark allowed reflections in space group I4m for the TMA-containing GeAl9-30 . 7 S6 1 H (top) and 13 C (bottom) NMR spectra after reaction of a equimolar mixture of TMTBA and tMA in water at neutral pH for 7 days at 150
• C. The spectra were recorded at basic pH after addition of NaOD. Signals marked with * were also observed in a blank control reaction with no TMTBA added under otherwise identical conditions (all the reactions were carried out in brand new teflon liners). 
Rietveld refinements
The synchrotron patterns were indexed as tetragonal with systematic extinctions consistent with the space group reported for the TMTBA-containing silica version (I4/m) 1 . Hence, for each phase a model in I4/m with only Ge and O and with the corresponding unit cell edges were first introduced into the refinement. Given the proximity of λ to the K-edge of Ge at λ=0.89557Å anomalous dispersion and absorption correction were introduced in the refinement. For the absorption correction, the Lobanov and alte da Veiga function implemented in GSAS was used, 2 with overall µ values determined using the utility in the Argonne National Laboratory web site (http://11bm.xray.aps.anl.gov/absorb/absorb.php) from each component linear coefficients and assuming a packing factor of 0.6 (µ*R=4.60 and 5.46 for GeO 2 -AST and GeAl9-30, respectively, and 4.53 for GeAl9-1). Real and imaginary anomalous scattering factors given by the same web, which were identical to those determined by fprime 3 , were introduced into the refinement. The scale factor, unit cell, zero error, background (Shifted Chebyshev with 18 coefficients, then 20, then 15 for GeAl9-1) and profile coefficients ( 4 ) were refined before introducing F in the special position inside the D4R units and the cation as a rigid body in the bigger cavity, with fractional occupancies to account for one cation per cage (and for C in methyl groups accounting for all the H bonded to it, i.e. rather than 1C each methyl is 1.5C (9 electrons in CH3 compared to 6 in C). Then, the framework atomic positions were refined and then the rigid body allowed to move. Finally, isotropic atomic displacement parameters were refined, with the restriction that all the atoms in the cation should have the same isotropic factors. In GeAl9-1 Al was introduced equally distributed among both crystallographic sites and the fractional factors of Al, Ge and F adjusted to account for the chemical composition. Attempts to refine fractional occupancies of Ge and Al, aimed to determine the possibility of Al preferential distribution, failed probably due to the small concentration of Al. In the final models the four symmetrically equivalent cations in each cavity, with positive isotropic parameters, are assumed to represent disorder. Crystallographic data are collected in Table S1 and atomic parameters in Tables S2m S3 and S4. The structure is represented in Figures  S8 , S10 and S12 and the final Rietveld plots are shown in Figures S9, S11 and S13. 
